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Abstract 
The main threat to the survival of Sulawesi Crested Black Macaques (SCBM) Macaca nigra in North Sulawesi is habitat 
destruction caused by land use change and illegal hunting. This threat has been escalated human – SCBM conflict such as crop-
raiding. This study aimed to develop the probability of human - SCBM conflict model in North Sulawesi and to analyze the 
causes of conflict. This study was conducted in Tangkoko-Batuangus and Duasodara Nature Reserve. Main methodologies were 
combination between GIS modeling technique and binary logistic regression in order to obtain spatial model of probability 
human - SCBM conflict. The results showed the high, medium, and low probability conflict areas were covering 2008.5 ha 
(17.05%), 3621.7 ha (30.76%) and 6143.9 ha (52.18%), respectively. Environmental variables that affected the conflict were 
elevation of 400-800 m and natural forests. These variables were related to the main characteristic of the high intensity of human 
and SCMB daily activities areas. 
© 2015 The Authors.Published by Elsevier B.V. 
Selection and peer-review under responsibility of the LISAT-FSEM Symposium Committee. 
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1. Introduction 
Sulawesi is one of five main islands of Indonesia. There are 20 species of the genus Macaca in the world and 8 
types of which are endemic to Sulawesi, one of which is the Sulawesi Crested Black Macaques (SCBM) Macaca 
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nigra [1]. SCBM or called the yaki population occupies only a limited distribution area in the northern part of 
Sulawesi and Bacan Island. In the list issued by the IUCN in 2008, SCBM is classified as animals with precarious 
status (endangered) and are listed in Appendix II of CITES [2]. Status SCBM is obtained because the population 
trends tend to decrease [3]. This is due to large-scale habitat destruction in some parts of the island of Sulawesi. 
Habitat destruction is the biggest issue due to the high levels of conversion of natural forest to plantations and 
settlements. In addition, the number of poaching for local consumption and pet trade also led to SCBM population 
declined. Currently, the remaining of SCBM habitat in North Sulawesi is limited to only conservation areas 
including Tangkoko-Batuangus and Duasodara Nature Reserve, North Sulawesi. 
Naturally, wildlife is not disturbing people when they live in their original habitat and alongside community life 
[4]. However, their behavior will change when moved to other areas [5], or living side by side with people [6]. In 
tropical and subtropical regions, the extension of farming into the forest interior makes wild animals become pests 
for the farmers [7].  
Viewed this way, it needs an understanding of the dynamic of ecosystem, so that human and primates can coexist 
together. This information is extremely important if we want to predict the population adaptation with the SCBM 
constantly changing environment. It would also to understand the characteristic of landscape conflict probability, 
and the variable of conflict origins, in order to make recommendations for landscape conflict management. This 
study would be important to local communities and managers in their efforts to reduce the damage caused by the 
conflict. This study combined Geographic Information Systems (GIS) and remote sensing data with logistic 
regression analysis. The objectives of this study were to develop the probability of human - SCBM conflict model in 
North Sulawesi and analyze the causes of conflict. 
2. Materials and Methods 
2.1. Study Sites 
This study was conducted in Tangkoko-Batuangus and Duasodara Nature Reserve, North Sulawesi, Indonesia 
(Figure 1) which lies between latitude N1o30 '- N1o34' and longitude E125o3 '- E125o15'. The total area of 
Tangkoko-Batuangus and Duasodara Nature Reserve is 8867 ha. The Nature Reserves includes submontane and 
cloud forests on the summit of Mt Tangkoko [8] but the vegetation is broadly classified as lowland tropical 
rainforest [9]. There are three volcanoes in that area: Mt Tangkoko, Mt Batuangus and the twin peaks of Duasodara 
[10]. Topography is mostly below 400m asl (58.5%) and slope ranges from 15% to 25% (29.2%) based on ASTER 
Global Digital Elevation Model (ASTER GDEM) data.  This study site is covered by natural forests (36.8%), 
secondary forest (21.8%), mixed garden (14.5%), bushes/shrubs (14.7%), open area (2.2%), and settlements (0.7%) 
(Image analysis of Landsat 8 ETM+ on March 14th, 2014). Temperatures are relatively constant throughout the year, 
with a monthly minimum mean of 21.7–23.9ºC and monthly maximum mean of 29.2–34.4ºC [10]. In the periphery 
of wildlife sanctuaries and nature parks there are villages such as Batuputih, Duasodara, Pinangunin and Kasuari.  
There are ecotourism activities in the Kasuari and Batuputih villages  due to highly potential of natural tourist 
destinations such as beaches, beautiful sceneneries of water in Kasuari village. Furthermore, the presence of 
endemic species such as SCBM and Tarsier inhabited Batuputih village is also attracted people to visit. While in 
Duasodara and Pinangunian village there are agricultural activities. Sometimes illegal hunting activities were 
increased when approaching Christmas and New Year's Day occasions. 
 
 
 
 
 
 
 
 
 
 
106   Balqis Nailufar et al. /  Procedia Environmental Sciences  24 ( 2015 )  104 – 110 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Study area 
2.2. Data Collection  
The data collection obtained from semi-structured interviews and ground-truth to investigate the farmers’ 
perceptions about the crop-raiding issues. The activities done during the ground-truth were: (1) record every conflict 
locations' geographic location using GPS (2) record the general condition of the study site (vegetation analysis, the 
presence of other animals or predators, water resources, topography and altitude) (3) record the behavior of damages 
committed by Sulawesi Crested Black Macaques. Other observations through interviews were conducted using 
multi-form questionnaire responses. The framework for interviews was adapted from Gillingham et all [4]. These 
semi-structured interviews were conducted with either the household head or the household head’s wife. Each 
interview took approximately 15–20 minutes to complete and focused on whether they had experienced crop 
damage / disturbance by wild animal or not, as well as the amount of interference and interference mitigation 
strategies.  In addition, there is an environment variable which is to determine the characteristics of the landscape 
that affect the conflict. The selection of environmental variables is based on the needs and daily activities human - 
SCBM. All environmental variables were derived from elevation, slope, and land cover maps, which were converted 
into Euclidean distance images. To produce Euclidean distance images, we first produced a binary map of each 
elevation class, slope class, and land cover type then converted them to vector maps and finally calculated the 
Euclidean distance. We calculated 14 environmental variables composed of terrain factors (three and five Euclidean 
distance images to the nearest border of elevation and slope classes, respectively) and six Euclidean distance images 
to the nearest border of neighboring land cover patches (Table 1). All image layers were prepared and analyzed as 
raster data with a pixel size of 30 x30 musing Arc GIS 9.3.1 and ERDAS Imagine 9.1. 
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Table 1. Environmental variables used in this study 
No.  Variables Variable abbreviation Source 
1 Nearest distance to elevation 0-400 m DE1 Generated from ASTER GDEM which developed into 
Euclidean distance map 2 Nearest distance to elevation 400-800 m DE2 
3 Nearest distance to elevation >800 m DE3 
4 Nearest distance to slope 0-8% DS1 
5 Nearest distance to slope 8-15% DS2 
6 Nearest distance to slope 15-25% DS3 
7 Nearest distance to slope 25-40% DS4 
8 Nearest distance to slope >40% DS5 
9 Nearest distance to bush/shrub DSB Generated from land cover map developed into Euclidean 
distance map 10 Nearest distance to mixed garden DMG 
11 Nearest distance to settlement DST 
12 Nearest distance to natural forest DNF 
13 Nearest distance to secondary forest DSF 
14 Nearest distance to open area DOA 
 
2.3. Spatial Probability Conflict Model 
Landscape modeling for human - SCBM Conflict in North Sulawesi constructed based on the results of 
interviews and a ground-truth data which is then added with a random sample plug-in hawths tools on Arc GIS 9.3.1 
with 30x30m grid. Binary logistic regression was used to build the model. The total data recorded 60 points. 70% 
(42 points) is used in building the model, while 30% (18 points) is used for validation. Presence data (21 points) is 
the location visited by SCBM and lead to conflict, and pseudo-absence data (21 points) is a SCBM visited location 
but not cause a conflict. Presence and pseudo-absence data overlaid with Euclidean distance map of environmental 
variables to determine the variables that affecting the conflict.  
Logistic regression model development was started by incorporating environmental variables remaining after the 
elimination is based on the VIF test. All statistical analysis were performed using SPSS 16, with forward stepwise 
method at level of 5%. The results of interviews, a ground-truth data random sample plug-in hawths tools (21 
presence and 21 pseudo-absence points) were used for logistic regression analysis. The function of the logistic 
regression (LR) is as follows: 
(1) 
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In which Pi is the probability, xj is covariate, i is pixel, β0 and βj are estimated coefficients, and k is the number of 
covariates. 
After the model constructed, we fitted model using the Hosmer - Lemeshow test. The model has a value more 
than 5% was declared fit. This test was suitable for a model consisting of several independent variables both 
continuous and categorical values [12]. Coefficient of determination was determined by using Nagelkerke R2 model. 
Nagelkerke R2 is a description of the influence of the variables in the model explained variance conflict probability. 
The level of conflict is determined based on three categories low probability conflict, medium probability conflict, 
and high probability conflict [13]. Flowchart in this study illustrated in Figure 2. 
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Fig. 2 Study flowchart 
3. Results 
Based on the results of the VIF test there were three environment variables (DE1, DE3 and DS1) which indicated 
multicollinearity between independent variables and were eliminated. This analysis revealed two environmental 
variables consisting of DE2 and DNF were significantly affecting the conflict with p-value <5% (Table 2). It means 
that 62.9% of human - SCBM conflict were explained by the variables in the models. 
Table 2. Logistic regression results with forward stepwise method 
Variables Coefficients 
p-value 
(sig) 
Hosmer & Lemeshow Nagelkerke R2 
DE2 -0.001 0.000 43.4% 62.9% 
DNF 0.030 0.013 
Constants -0.066 0.941 
 
Equations for the final logistic regression models as follows: 
 
 
(2) 
 
 
 
The equations of logistic regression model generated spatial model of probability human – SCBM conflict 
(Figure 3). The results showed the high, medium, and low probability conflict areas were covering 2008.5 ha 
(17.05%), 3621.7 ha (30.76%) and 6143.9 ha (52.18%), respectively. The low probability conflict mainly dominated 
in the study area. Moreover, the high probability conflict was distributed in the Batuputih Natural Park and 
Batuangus Natural Park which is close to the Batuputih village and Kasuari village.  
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Fig. 3 Spatial model of probability human – SCBM conflict 
 
4. Discussions  
Environmental variables affected the conflict were elevation of 400-800 m and natural forests. These variables 
related to the main characteristic of the high intensity of human and SCMB daily activities areas. Elevation is one of 
the physical features of the topography / landforms. SCBM group can be found at various altitudes up to 2000 m 
above sea level [14] but the high intensity of SCMB daily activities occur in elevation 400 – 800 m. In addition, this 
area are dominated by hunting area of SCBM (66%) which is covered by natural forest, secondary forest, and mixed 
garden. Therefore, the availability of SCBM food is abundant. Moreover, based on the results of the semi-interviews 
and ground-truth checked were confirmed the human – SCBM conflict is often happened in that area. Generally, 
SCBM can use all types of land cover for foraging and eating. However, SCBM use the big and tall trees which are 
used by SCBM for sleeping trees that abundant in natural forest. Viwewed this way, If there are any other land cover 
types adjacent to natural forest without any physical barrier, it makes the possibility of human – SCBM conflict 
increase. Physical barriers correspond to river, vegetation barrier, valley, etc. 
Based on the spatial model of probability human - SCBM conflict, high probability conflict was distributed in 
the Batuputih Natural Park and Batuangus Natural Park which is close to the Batuputih village and Kasuari village.  
This is due to the high intensity of ecotourism activity in Batuputih and Kasuari villages. Human presence in 
ecotourism activities can affect negatively on the behavior of monkeys [15], such as food transformation from 
natural food become human food. In addition, the existence of hunting and illegal logging activities in the 
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Duasodara and Pinangunian villages forced SCBM to move their homerange to Batuputih village. As a result SCBM 
populations increase in Batuputih village comparing with other areas. 
5. Model Implication 
Tangkoko - Batuangus and Duasodara Nature Reserve are the remaining habitat of SCBM in North Sulawesi. 
The landscape management recommendations for preventing human - SCBM conflict are one of priority items to be 
considered. Based on the spatial model of probability human – SCBM conflict, it needs to develop several strategies 
such as follow: 
1. Providing physical barriers between the villages with the conservation area using vegetation barrier in the 
high probability human – SCBM conflict area. 
2. Enhancing the law enforcements in terms of land clearing and illegal logging activities inside the 
conservation areas.  
3. Restrictions, control, and supervision of ecotourism activities to avoid the negative impacts on the behavior 
of SCBM. 
4. Increasing the public awareness about SCBM including their habitats and behavior. 
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